Purpose : Evaluate IVF-ET outcome data for a unique culture and cryopreservation strategy. Methods : Retrospective study of 92 patients. Embryos for day-3 transfer were selected at pronuclear-stage; all extra zygotes were cryopreserved at pronuclear-stage. Results : Delivery rates for Anonymous Oocyte Donation (Group I), patients <35 years (Group II), and 35-38 years (Group III) were 52.9%, 61.5%, and 51.7% for fresh and 38.5%, 33.3%, and 40.0% for frozen transfer. Deliveries per retrieval were 82.3%, 71.8%, and 58.6%. Only 0.88, 0.80, and 0.61 more zygotes were cultured than what were used for fresh transfer. Singleton, twin, and triplet rates were 64.6%, 31.2%, and 4.2% for fresh and 69.2%, 30.8%, and 0% for frozen. Conclusions : Selection of day-3 transfer embryos at the pronuclear-stage and cryopreservation of extra zygotes results in high delivery rates in fresh and frozen cycles. This approach optimizes deliveries per retrieval and provides many patients with more than one pregnancy per retrieval.
INTRODUCTION
To optimize IVF-ET delivery rates per oocyte retrieval requires the use of culture and cryopreservation methods that maximize the innate implantation potential of each two-pronuclear fertilized (2PN) oocyte in the retrieval cohort. Embryos need to be transferred in the fresh cycle before there is any loss in their innate implantation potential from prolonged in vitro culture. Fertilized oocytes in excess of the number required for fresh transfer need to be cryopreserved using techniques that maximize post-thaw survival and implantation rates in subsequent frozen embryo transfer (FET) cycles.
Embryos with certain pronuclear-stage (PN-S) features, such as the presence of a halo and alignment of nucleoli within the PN, have better day-3 to day-6 cleavage rates and morphology and also implant at higher rates than embryos from zygotes lacking these features (1) (2) (3) (4) (5) (6) (7) . Zygotes cryopreserved at the PN-S have high rates of cryosurvival and result in high pregnancy rates after post-thaw culture to the 4-to 6-cell stage (8) (9) (10) . Based on these observations, we began using a unique IVF-ET culture and cryopreservation strategy that may result in higher delivery rates per oocyte retrieval compared to other culture and cryopreservation strategies that are more commonly used. Our approach involves selection of embryos for day-3 fresh transfer early on the day after retrieval at the PN-S and PN-S cryopreservation of zygotes in excess of the maximum number selected by the patient and physician for fresh transfer. The purpose of this study was to examine reproductive outcomes for fresh and frozen embryo transfers and deliveries per retrieval using this unique culture and cryopreservation strategy.
MATERIALS AND METHODS
This study was conducted on patients undergoing an oocyte retrieval for IVF-ET between January 1, 2001 and December 31, 2001 . All patients younger than 39 years of age were enrolled in this study except those with all embryos frozen due to risk of ovarian hyperstimulation syndrome (N = 15), no 2PN fertilization (N = 3), blastocyst transfer (N = 1), and GnRH analogue, (Lupron; TAP Pharmaceuticals, Deerfield, Illinois) flare stimulation (N = 6). This study was approved by our Institutional Review Board.
Patients were divided into three groups for analysis: anonymous oocyte donation (AOD) recipients (Group I), patients using their own oocytes who were less than 35 years of age at stimulation (Group II), and those 35-38 years of age at stimulation (Group III). Prior to the initiation of the IVF cycle, written consent was obtained for the number of embryos to transfer and for cryopreservation of PN-S zygotes in excess of the maximum number chosen for fresh transfer. Patients in Groups I and II consented to have 2 to 3 embryos transferred in the fresh cycle. Patients in Group III consented to transfer 3 to 4 embryos.
Our ovarian stimulation and PN-S zygote cryopreservation protocols have been previously reported (8) (9) (10) . Patients undergoing standard ovarian stimulation were downregulated with GnRHa initiated on day 21 of the previous menstrual cycle or overlapped with oral contraceptives. Once pituitary downregulation was confirmed, the GnRH analogue dosage was reduced and ovarian stimulation was initiated using recombinant FSH (Gonal-F; Serono Laboratories, Randolph, Massachusetts or Follistim; Organon, Inc., West Orange, New Jersey) at a dose of 150-450 IU per day. Follicular development was monitored using serial transvaginal ultrasonography and serum E 2 measurements from the sixth day of gonadotropin therapy onward. 10,000 IU hCG (Profasi; Serono Laboratories) was administered when at least two follicles had reached a diameter of 18 mm. Transvaginal oocyte retrieval was performed 36 h after administration of hCG.
Oocytes were inseminated by standard insemination in organ culture dishes or by intracytoplasmic sperm injection (ICSI), as previously described (8) (9) (10) . Oocytes were cultured in Human Tubal Fluid (Irvine Scientific, Santa Ana, California) with 10% Synthetic Serum Substitute (Irvine Scientific) from retrieval until insemination. Oocytes for standard insemination were cultured for an additional 3 h with sperm, then transferred to microdrops for overnight culture. After injection, oocytes for ICSI were cultured overnight in G1.2 (Vitrolife Fertility Systems; Goteborg, Sweden).
Oocytes were observed for fertilization and assigned PN-S grades 17.5 to 18 h after standard insemination or 18.5 to 19 h after ICSI. Top-quality zygotes for fresh transfer were selected on the basis of PN-S morphological features (1, 2) . Top-quality zygotes were those with equal PN size, PN juxtaposed in the center of the zygote, nucleoli aligned at the PN interface, and a cytoplasmic "halo" or clearing around the zygote periphery. All remaining 2PN zygotes were immediately cryopreserved at the PN-S (8-10). Zygotes selected for fresh transfer were cultured together in one microdrop.
On day 2 of the fresh cycle, 24 h after PN-S selection, embryos were checked for multinucleation (11) (12) (13) . On day 3, embryos were assessed for blastomere number and assigned embryo quality grades based on blastomere uniformity and percent fragmentation (8) (9) (10) . If there were 2 or more good quality embryos on day-2 and day-3, the lower number on the IVF consent was transferred. Good quality embryos were those that displayed no multinucleation, had 2 to 4 uniform cells and <20% fragmentation on day-2 and 6 to 8 uniform cells and <20% fragmentation on day-3. If there were less than 2 good quality embryos on day-2 or day-3, or for repeat failed cycles, the higher number on the IVF consent was transferred.
Frozen embryo transfer cycles were included in this data set if all of the patient's frozen embryos being transferred were derived from a single oocyte retrieval. Patients consented in writing to the number of embryos for thaw and transfer. Patients usually agreed to have an equal number, or one to two more embryos, thawed than planned for transfer. For the FET cycle, Group I and II usually consented to transfer 2 or 3 embryos and Group III consented to transfer 3 or 4.
Uterine embryo transfer was performed on day 3 of culture using a Wallace (Irvine Scientific) or Casmed (TS Scientific, Perkasie, Pennsylvania) embryo transfer catheter. For luteal phase support, patients received daily IM progesterone (50 mg) initiated in the evening the day following oocyte retrieval. Clinical pregnancy was confirmed by one or more fetal sacs at transvaginal ultrasound 3 weeks after a positive pregnancy test.
Continuous variables were analyzed with a 1-way ANOVA model. A P value of <.05 was considered statistically significant. Pair-wise contrasts also were made with the 1-way ANOVA model with the TukeyKramer adjustment for multiple comparisons. Categorical variables were analyzed using the exact Pearson x 2 -test. Subgroup analysis also used the exact Pearson x 2 -test with the Bonferroni adjustment for multiple comparisons.
RESULTS
Infertility diagnoses for the three treatment groups are shown in Table I . Significantly more patients with diminished ovarian reserve occurred in Group I compared with Groups II and III. The average age of the female partner (Table II) at the time of ovarian stimulation was 29.2 years (donor age, Group I), 31.4 years (Group II), and 37.2 years (Group III). The serum E 2 measurement and number of follicles greater than 15 mm on the day of hCG administration were significantly higher for Group I than for Groups II and III. The dose of FSH administered was significantly lower for Group I compared with Groups II and III and for Group II compared with Group III. The mean number of oocytes retrieved, mature oocytes, 2PN zygotes, retrievals with cryostored embryos, and embryos cryopreserved were significantly higher for Group I compared with Groups II and III (Table III) . The percentage of ICSI cycles was significantly higher for Group III than for Group I. The mean number of 2PN cultured to day-3 and embryos transferred in the fresh cycle were significantly higher for Group III compared with Groups I and II. The implantation rate was significantly higher for Group I compared with Group III.
Fresh cycle clinical pregnancy and delivery rates (Table III) were 70.6%, 52.9% (Group I), 69.2%, 61.5% (Group II), and 58.6%, 51.7% (Group III). One triplet pregnancy occurred in Group II and one in Group III for a total triplet rate of 3.6% for fresh transfer cycles (56 fresh clinical pregnancies). The remaining clinical pregnancies were either singleton (60.7%) or twin (35.7%). The highest percentage of deliveries for fresh transfer cycles were singleton (64.6%), followed by twin (31.2%) and triplet (4.2%) deliveries. There were no monozygotic twin pregnancies. The mean number of 2PN zygotes held in culture for the fresh cycle was 3.06 for Group I, 3.18 for Group II, and 3.64 for Group III. The mean number of fresh embryos transferred for these three groups was 2.18, 2.38, and 3.03, respectively (Table III) . On average only 0.88 (Group I), 0.80 (Group II), and 0.61 (Group III) more embryos were cultured than transferred.
Embryologic and outcome data for FET cycles are summarized in Table IV . To date, 30 FET cycles have been performed in this study group. All FET deliveries came from couples that did not deliver from the fresh transfer. Only first FET deliveries were included in this data set. Therefore, no patient had two deliv- a All FET deliveries came from couples that did not deliver from the fresh transfer. Only first FET deliveries were included in this data set. Therefore, no patient had two deliveries per retrieval in this study. b One patient terminated ongoing pregnancy for psychosocial reasons. and 58.6% for Group III (Table V) . One patient in Group I terminated an ongoing pregnancy for psychosocial reasons. There were no selective reductions in the fresh or FET pregnancies conceived in this study. Of the patients who have and have not yet delivered from a fresh or FET cycle, 74% and 44% still have two or more embryos in cryostorage.
DISCUSSION
Various embryo culture and cryopreservation strategies are used by IVF-ET programs throughout the world. Transfer and cryopreservation at the zygote, cleavage, morula, and blastocyst stages have all been used with success. However, there is still considerable debate regarding which culture and cryopreservation strategy is optimal.
We have several years of experience with cryopreserving patient's zygotes in excess of the number selected for fresh transfer at the PN-S (8-10). The introduction in 1998 of blastocyst culture caused us to reevaluate our embryo culture and cryopreservation strategy. The initial studies on blastocyst transfer showed that the two possible advantages of blastocyst culture were an improved rate of pregnancy in the fresh cycle and a decrease in high-order multiple pregnancies (14) (15) (16) . We sought to determine whether additional strategies could enhance our long-standing approach of cryopreserving extra embryos at the PN-S. We were interested in determining whether this enhanced approach might be an effective alternative to the more commonly used strategy of leaving all embryos in culture for selection of the best embryos at the cleavage or blastocyst stages.
We made two changes to our previous embryo culture and cryopreservation strategy. First, we adopted a new PN-S grading method (1) to improve our ability to select the best embryos for fresh transfer. Previously, we had selected PN-S zygotes with uniformlysized PN, no vacuoles, even cytoplasmic granularity, and a small perivitelline space for continued culture and transfer in the fresh cycle (10) . Second, instead of specifying the exact number of embryos for transfer before stimulation and then having the laboratory leave this exact number in culture (8-10), a range of embryos for transfer, plus or minus one, was decided on before stimulation, with the final number determined on the day of the transfer. We hypothesized that culturing one more zygote than the minimum number planned for transfer might boost fresh cycle delivery rates because PN-S morphology is a good, but not absolute, predictor of day-3 embryo morphology and implantation potential.
Fresh-cycle clinical pregnancy rates in our study were 70.6% for Group I, 69.2% for Group II, and 58.6% for Group III. These were higher than those reported in most blastocyst studies even though only 0.88, 0.80, and 0.61 more embryos were cultured for Groups I, II, and III, respectively, than the number transferred. Pregnancy and implantation rates with blastocyst transfer have ranged from 21 to 77% and 9-62%, respectively (2, 5, 6, (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) . With blastocyst transfer, all embryos are retained in culture to ensure at least two high-quality blastocysts are available for transfer. Similarly, the most common culture strategy for cleavage-stage embryo transfer is to leave all 2PN zygotes in culture for selection of top-quality embryos on the day of transfer.
The results of our study confirm previous studies (8-10) demonstrating that it is not necessary to leave all zygotes in culture for cleavage-stage embryo transfer to obtain high fresh cycle delivery rates. The higher delivery rates observed in the present study, using the new approach of culturing one more zygote than the minimum number selected for fresh transfer, were most likely due to the increased flexibility this new approach allows at the time of transfer. Our new strategy allows us to do some preselection on the day of transfer or to transfer one more embryo if embryo quality grades are poor on day-2 and day-3.
We believe this culture and cryopreservation strategy offers some advantages over retaining all embryos in culture. These include high FET delivery rates, high delivery rates per oocyte retrieval, a chance for a second delivery from one retrieval in a greater percentage of patients, reduction of high-order multiples without an increase in monozygotic twins, and cryopreservation at the PN-S. The advantage of PN-S cryopreservation over later stages is that cryopreservation takes place at a stage when the female and male genomes are still physically separated. Our approach circumvents ethical concerns about cryostorage and possible eventual destruction of embryos at later stages of development. PN-S zygotes generally are not considered to be embryos since the female and male genomes are still separated at this stage of development.
Leaving all the fertilized zygotes in culture for selection of the best embryos for fresh transfer may decrease pregnancy rates per oocyte retrieval because extra embryos must be cryopreserved at the cleavage or blastocyst stages. With current cryopreservation techniques, human embryos survive and implant at higher rates when cryopreserved at the PN-S (8-10) compared with the cleavage or blastocyst stages (6, 19, 29, 30) . The cohort of fertilized oocytes from a retrieval cycle has better nuclear synchrony at the PN-S than do the embryos as they progress to later stages of development. At the cleavage and blastocyst stages, loss of this nuclear synchrony makes it difficult to cryopreserve each embryo at its optimal stage.
In this study, 73% of patients had embryos cryopreserved, 82% of thawed zygotes cleaved to the 2-cell stage or greater, and the delivery rate per thaw was 43%. Of the patients who have and have not delivered, 74% and 44%, respectively, have at least 2 embryos remaining in cryostorage. Transfer of these additional cryostored zygotes could potentially increase delivery rates per retrieval further.
The percentage of patients with frozen embryos and number of embryos frozen are generally lower when all 2PN zygotes are held in culture and extra embryos are frozen at the time of transfer (6, 17, 22, 29) than when extra zygotes are cryopreserved at the PN-S (8-10). With current culture techniques, only 30-50% of zygotes typically develop into normal blastocysts which results in fewer patients having cryopreserved embryos and fewer numbers of embryos frozen per cycle (2, (5) (6) (7) 15, 17, 18, (20) (21) (22) 25, 27, 29) .
With current culture methods, there may be some loss of embryonic viability with extended culture (2, 6, 13, 28) . Culture of embryos to day-5 or day-6 allows the top-quality embryos in a cohort to develop to good quality blastocysts. However, medium-to-poor quality embryos appear to require the in vivo environment for optimal development beyond day 3 (25, 26, 28) . We have noted that medium-to-poor quality day-3 embryos rarely develop to blastocysts in vitro but often result in pregnancy after day-3 transfer with assisted hatching. Scott et al. (2) showed that zygotes with certain PN-S features usually failed to form blastocysts and any that did had too few cells and failed to implant. However, embryos from zygotes with these same features that were transferred on day 3 resulted in a 55% implantation rate (6) .
For Groups I, II, and III, delivery rates per retrieval were 82.3%, 71.8%, and 58.6%, respectively. Only minimal data of this type are available for the more common IVF-ET culture strategy in use today, which is to leave all 2PN oocytes in culture until the day of transfer with cryopreservation of extra embryos at the cleavage or blastocyst stage. Rienzi et al. (6) reported lower cryoaugmented rates per retrieval with blastocyst transfer than with day-3 embryo transfer, because fewer embryos were cryopreserved and implanted with blastocyst cryopreservation.
PN-S morphology appears to be predictive of cleavage, fragmentation, chromosomal abnormalities, and blastocyst development (2, 5, 7) . If PN-S morphology can be used to predict blastocyst development, then technical and ethical concerns with blastocyst culture can be avoided. These include greater cost and workload with extended culture, ethical concerns with freezing advanced stage embryos, possible skew in sex ratio due to male embryos developing more quickly with selection of fastest growing embryos on day 5 and risk of having no blastocysts for transfer (5, 13, 28) .
During the past decade, increasing emphasis has been placed on limiting IVF-ET multiple pregnancies (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) 29, (31) (32) (33) (34) . Culture of embryos to the blastocyst stage has been advocated as a method for reducing multiple births while maintaining high fresh cycle pregnancy rates (15, 16) . To date, blastocyst transfers have reduced high-order multiple pregnancies, that is triplet or greater, but not overall multiple rates (16, 21, 31) . Monozygotic twinning also appears to be higher with blastocyst transfer (24) . In our study, 66.1% of deliveries were singletons and 30.5% were twins. There were only 2 triplet pregnancies in 59 deliveries (3.4%) and no monozygotic pregnancies.
The primary PN-S morphological selection criteria used in this study were the presence of polarized nucleoli within the PN and cytoplasmic clearing around the zygote periphery (1, 2) . Top-quality zygotes also were required to be free of vacuoles, to possess similarly sized PN and to have a regular shape with no excessive granularity. Embryos were selected for transfer on the basis of lack of multinucleation, number of blastomeres, fragmentation, and uniformity in cell size. Our day 2 and day 3 embryo grading methods were similar to those used by Van Royen et al. (13) who defined a type of day 3 embryo with a 49% implantation rate. These embryos had no multinucleation, 4 or 5 cells on day 2, 7 or more cells on day 3, and fewer than 20% fragments.
Several oocyte, zygote, and cleavage-stage grading methods that were not used in this study have been shown to correlate with an embryo's implantation potential (1) (2) (3) (5) (6) (7) 11, 12, 28, (30) (31) (32) (33) (34) (35) (36) (37) . Tesarik et al. (1) showed that the relationship between the number of embryos transferred and the multiple rate depended on PN-S morphology; transfer of 2 embryos from pattern zero zygotes usually resulted in a twin pregnancy. Pattern zero zygotes had a difference of less than four in the number of nucleoli between PN, the distribution were the same in both PN (either random or polarized), and each PN had at least 3 nucleoli.
We are currently investigating whether the number of embryos transferred can be further reduced by using several additional grading methods that were not used in this study. New methods under evaluation include number, pattern, and distribution of nucleoli within the PN (1,2,5,7), size and shape of PN-S halos (7), early cleavage to the 2-cell stage (32, 36, 37) , day-3 fragmentation pattern (35) , and variation in the thickness of the zona pellucida.
We performed PN-S, day-2, and day-3 embryo evaluations on static embryos under direct microscopic observation. Zygotes were not rotated during evaluation and the numbers of nucleoli in each PN were not counted. Rotating zygotes and embryos during grading and recording the images for a more detailed review after embryos are returned to the incubator may allow us to select top-quality zygotes and cleavage embryos with greater accuracy (7).
In conclusion, the results of this study demonstrate that selection of embryos for day-3 fresh transfer at the PN-S and cryopreservation of PN-S zygotes in excess of the maximum number selected for fresh transfer results in high delivery rates in fresh and frozen cycles. This approach also optimizes the chance of a delivery per retrieval, results in a high percentage of retrievals with cryostored embryos, and provides many patients with more than one pregnancy per retrieval. This culture and cryopreservation strategy may offer the best method for preserving the innate implantation potential of each fertilized oocyte since embryos are transferred on day 3 before loss of viability or reduction in implantation potential from prolonged culture and all extra 2PN oocytes are cryopreserved at a cell-stage which results in high postthaw survival and implantation rates.
